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Ñhºko]	¥RyMnqb@²tzvV¢£tosTyz¢?sTtzv`vRbYs½p~w£°Fw£pmz«;| È f/Í ¼uRnrbYnysTtMnqp¥®¯uRvRs½p~w£tMv&RyMnqb@¨tzv¨pr}{yvRnra¡w¹p9t¤³bT}
¢bT°MbT¢>§oyvRVw¹®;wvMp~bT}~a¡bYowxyp~bµv`toob@ngsTyzv&®¯tM}r¤y}{²¤gw£pr^	¢£b@nrn³p~tp~yz¢W9t¤³bT}@§5pr^`bYm¨t»WbT}p~tc?bYsTtza¡bpr^`b
}~bÉ ow}rb@s½p~tz}{nt®ORyzs{¦Mbp{nT«kFwa¡w£¢xy}~¢mz§# 5 ;uRnrbY#^`bY¢£¢t¨a¡bYn~nryzzb@nprt&`wnqpr}~w£Ruoprbpr}{yvRnra¡wn~nqwtzv#?t¤¥bY}Y§
yzvR²uRnrbYn¥p~^`bµa¡wv`wau`a ?t¤³bT}±}~b5u`w}~bY¡p~tcsTtzv`v`b@s½p³prtcyv`bYw£M^F9tM}Y§5¤g^`w¢£bstMvRnqwxobY}rwv`p~^`bstMnqp~n
tz®}~bYsTbTop~w£tMvVtz®;ycRyMs{¦zbpgypgp~^`bv`bYw£M^5?tz}~wv`evRtF`bYnY«
 b­FpµnrbpµsTtzvRnrwnqp~nt®;}rtMuoprwv`¡®¯tz}a¡y­ow£aeu`a v`bTp¤¥tM}r¦&¢£w£®¯bp~w£a¡bz«   v3Ryz9bY}~n¢£w¦zb @F§{M§~5§{Y>§
}~tzu`prwv`wnOotMv`bgFmuRnrwv`yv²y`R}rtM`}rwxyp~b¥a¡bTpr}~ws¥®¯tz}±tzop~w£a¡w
Yyp~w£tMvetz®??t¤³bT}OstMvRnquRac`prwtzv¡t®?pr^`b
vRbp¤³tz}~¦²w£v5prbY}q®ÕyMsb?bT}gRyMs{¦zbp@§o¤g^`w¢£bp{y¦Fw£vRewv5prt¨yzsYstMu`v5p¥p~^`bRyprprbY}rm¨}~bYnrbT}~°zb@nyppr^`bvRtF`bYnY«
RbT¤ tzpr^`bY}`}rtzprtostM¢n³a²y¦MbuRnrbt®pr^`b?t¤¥bY}³n~y7°zbµactooby7°yw¢xy`¢bwv&p~^`bv`bp¤³tz}~¦²wvMp~bT}r®ÕyzsTb
p~t}~bYouRsTbgbTv`bY}rMmesTtzvRnru`a¡oprwtzv!«Okow£vRsTbgpr^RbT}~bwn±v`tsbYv5pr}{y¢`bYvMp~w¹pmeprtestzv5p~}rtM¢opr^`bnq¢bTbY²yvR¡¤y¦Mb
uR\9bY}rwto`nY§CnqtMacb	owxnp~}rw`uop~bYÀsTtzv5pr}~tz¢¥a¡bYs{^Ryzv`wnrawne}~b5u`w}rb@¸®¯tz}¡nquRs{^À`}rtzprtostM¢nY«º¬C­oyza¡`¢£b
tz®nruRs{^ `}rtzprtostM¢n¡yz}rb	| È h È k £'! >§³¤g^`bY}rb	pr^Rb3v`toobYn²nr¢£bYbT ¤g^`w¢£b3t°MbT}~^`bYyz}rwv`ªRyMs{¦zbTp~ncv`tp
yM`o}~bYn~nqb@¡prt¡w£pY§RyzvRV`}rtzprtostM¢n¥¢w£¦Mbko| È   >§RyzvR  È  Í! ´¤g^RbT}~bnrtza¡bt®pr^`bv`toob@ngobYsTwob
p~t²np{y7m¨u`3yvRV^RyzvRo¢bpr^`b}~tzuop~w£vRcyMsTstM}~`w£v`eprt¡p~^`bprtM9tM¢£tMzwxsTy¢W`}~tz?bT}rprwbYntz®!p~^`bv`bp¤³tz}~¦W«
 HK A79),+:"2 #-/ #' 0%(F  #'	 #"  $& ':) +:-/.	021('
kow£vRsTb¨bTvRbT}~zmºwxnyºnrsYy}{sb²yvR©vRtzvoÉ }rbYv`bT¤yR¢£b¡}~bYnrtzu`}{sb¡wv\¤gw£}~bT¢bYn~nyMI^RtFs¨v`bp¤³tz}~¦onT§bTv`bY}rMmMÉ
b ¨swbTv5p¨`}~tprtosTtz¢gobYnrwzvÔwn²y©¦MbTmÀsTtzvRsTbT}~v´«]^`b3ob@nqwzvyv9À?bT}r®¯tz}~a²yvRsTb#yzvRy¢monqwxn¡t®nqu9s{^
R}rtzprtostM¢n²}~b5u`w}~b3`}rtM9bY}¨a¡toobT¢w£vR¿®¯tz}&pr^`bIacb@yznru`}~bTa¡bTv5p&tz®bYv`bT}~zm stMvRnquRac`prwtzv´« RbTbTvRbTm
 ö« 9§D!`}~bYnrbTv5prb@Ànrtza¡b	}rb@nqu`¢£p~n¡tz®µa¡bYyMnquR}rwv`ºbYv`bT}~zm\sTtzvRnru`a¡op~w£tMvRnct®µ°yz}rwtzuRnev`bTp¤¥tM}r¦
wv5prbY}q®ÕyMsbYnY«3`tMu`}?tMn~nqw`¢b¨bTv`bY}rMmIsTtzvRnru`a¡oprwtzv\nqp~yprb@ny}~b²wxobTv5prw2Rb@+p~}~yzvRnracw£pY§;}~bYsTbTw°zbz§wxo¢£b
yzvRÔnq¢bTbY´« ]^`b R}~nqp¡p¤¥t\nqp~yprbªyz}rb#¤g^`bYvp~^`bªv`toob3wxn¡p~}~yzvRnqa¡w£pqp~w£v`\yzvR }rb@sbYw£°Fwv`©Ryzs{¦Mbp~n
}~bYnr?bYs½p~w£°MbT¢mz§;p~^`bVwxo¢b3np{yprbVwnc¤g^`bYvÀp~^`b	v`toobVwxnc¤³yzw¹p~w£vRª®¯tz}²yzv5m©RyMs{¦zbTppr}{yv9n®¯bY}~nY§CyvR\pr^`b
nr¢bTbT#nqp~yp~bwnyc°MbT}~m²¢£t¤09t¤³bT}nqp~yprb¤g^`bT}~bpr^`bvRtF`bsTyv	v`bYw¹p~^`bT}g}~bYsTbTw°zbv`tz}³p~}~yzvRnqa¡w£pY«
]^`bst5np¥yMnrnrtoswxyp~bYc¤gw¹p~^¨bYyMs{^²Ryzs{¦Mbp±yp¥yv`toobµwn±}rbY`}rb@nqbYv5prbY¡yMnOpr^Rbprtzp~yz¢Rt®´wvRsT}rbYacbYv5p~y¢
sTtMnqp
m
R}rtM9tM}qp~w£tMvRy¢zprtpr^`bRyMs{¦zbTp
size
yv9y`­obYestMnqp
b
yzn~nrtFsTwyprb@¤gw¹p~^²s{^Ryv`vRbT¢oyzsMuRwnrw¹p~w£tMv#+
Cost = m × size + b
ÑD
]^FuRnY§opr^RbstMnqpgt®;yeR}rt5yz`sYyznqp³RyMs{¦zbTp¤gw¢¢¼9btz®p~^`b®¯tz}~a
Costbroadcast = msend × size + bsend
+
∑
n∈ 
(mrecv × size + brecv)
 ! 
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¤g^RbT}~b
 = nqbTpt®vRtF`bYng¤gw£pr^`wv	pr}{yvRnra¡wn~nrw£tMv&}{yv`Mbt®pr}{yvRnra¡w¹prprwv`¡v`toob
msend, bsend =
w£vRsT}rbYa¡bTv5p~yz¢´yvR `­obY#st5np®¯tM}
nqbYvRowv`cpr^`b`}~tMyM`sTyMnpRyMs{¦zbp@§
mrecv, brecv =
w£vRsT}rbYa¡bTv5p~yz¢´yvR `­obY#st5np®¯tM}
}rb@sbTw°Fw£vRep~^`b`}~tMyM`sTyMnp³Ryzs{¦MbpY«
kow£a¡w¢yz}r¢mz§zpr^`bstMnqp±tz®W?tzwv5pqÉ>prtzÉ>?tzwv5pCpr}{y¨sgyp¥pr^`bµnqbYvRobT}³yvR¡}~bYsTbTw°zbY}C¤g^`w¢£bsTtzvRnrwxobT}~w£vR`}rb@nÉ
bYvRsbtz®?;]k zd³]kestMv5pr}~tz¢Fa¡bYn~nryzzbYnwv¡MM`«£M±RyMnqb@v`bTp¤¥tM}r¦on;sTyzv?bg}rb@nq?bYsprw°zbT¢m}~bT`}~bYnrbTv5prb@
Fm²p~^`b®¯tz¢¢t¤gw£v`cb5uRyprwtzv#+
Costunicast  sender = bsendctl + brecvctl
¯,
+msend × size + bsend + brecvctl
Costunicast  receiver = brecvctl + bsendctl
ÑD
+mrecv × size + brecv + bsendctl
¤g^RbT}~b
bsendctl =
R­Fb@#stMnqp®¯tz}nrbTvR`w£v`²y¡stMv5pr}~tz¢WRyzs{¦Mbp@§
brecvctl =
R­Fb@#stMnqp®¯tz}g}~bYsTbTw°5wv`¡y¡stzv5p~}rtM¢¼Ryzs{¦MbpY«
³b@nqwxobYn¥p~^`wnactoobY¢W®¯tz}bTvRbT}~zm¨st5np{nT§ow£pg¤³yMny¢xnqt¡nq^Rt¤gv&p~^Ryppr^RbbTv`bY}rMm¡sTtzvRnru`a¡bYVFm&yv	wxo¢£b
vRbp¤³tz}~¦Vwv5prbT}r®ÕyzsTbc`tza¡w£v9yprb@np~^`bcprtzp~y¢bTvRbT}~zm3stMvRnquRac`prwtzv%Ñy?tzuopyVa¡yzzv`w£pru9obea¡tM}rbpr^Ryzv
nr¢bTbT	a¡toob  «
 bT°MbT¢tz`wv`tMvp~^`wnbYv`bT}~zma¡toobT¢>§¤¥b¥`}~bYnrbTv5p;yµnqwa¡`¢b¥a¡toobT¢5p~tsYy¢xsu`¢xyp~bCpr^Rb¥bYv`bT}~zmnr9bYvMp
ypbYyMs{^Vv`toob`u`bprt¡p~^`b ¶ t¤n`}~bYnrbTv5pwvVp~^`bv`bTp¤¥tM}r¦W«nrwv`¡pr^`b?t¤³bT}stMvRnru`a¡oprwtzv	°y¢u`bYn
®¯tM}Cp~}~yzvRnqa¡w£p³yzvR²}~bYsbYw£°Mbnqp~yp~bµyMnCa¡bYyMnqu`}~bY¡wvVRbTbYv`bTm  n±}~bYnru`¢£p~nY§M¤³bnr^`t¤Ôpr^`}~tzuRz^¨nrw£aeu`¢yprwtzvRn
wv  k5ÉVpr^9ypwv\yv©w`bYy¢OvRbp¤³tz}~¦ª¤gw¹p~^`tzu`peyvFmªwv5prbT}r®¯bT}~bTv9sb²yvR©sTtz¢¢£wxnqwtzv9nT§tzu`}a¡toobT¢±zw°zbYn
bT­`yzs½pca¡bYyznru`}~bTa¡bTv5ptz®bTvRbT}~zm©stzv9nqu`a¡op~w£tMv\wvÀv`toob@neouRb¨prt©y ¶ t¤ wv\p~^`b	v`bp¤³tz}~¦W«I]^`bYv
p~^`wxnactoobY¢OwnuRnrbYºprt3sTtza¡Ry}~bp~^`b¡bTv`bY}rMmªstMvRnquRac`prwtzv¸w£v¸v`tzv`É>wxobYyz¢nrwau`¢xyp~w£tMv¸nrbprprwv`Mnµprt
bY°y¢uRyp~b&p~^`b#b»WbYs½p¡t®w£v5p~bT}r®¯bT}~bTvRsTb	yzvRÀsTtz¢¢£wxnqwtzvÀtzvÀbYv`bT}~zmM«   v\®ÕyMs½p@§¥nrw£a¡w¢yz}ca¡toobY¢sTyv9b
u9nqb@	prt²a¡bYyMnqu`}~btp~^`bT}Ry}{ya¡bp~bT}{nt®;pr^Rbv`bp¤³tz}~¦¨¢w£¦MbRyzvRo¤gwxFpr^ z w£v3tM}~`bT}prtVsTy}~}~m¨tzuop
?bT}r®¯tz}~a²yvRsTbµbY°y¢uRyp~w£tMvVtz®}~tzuop~w£vRe`}~tp~tostz¢xnY«
 (+3 Vg©  " g !V" ge

]^RbebYv`bT}~zm3nr9bYvMpypb@yzs{^ºvRtF`bcouRbp~t#y ¶ t¤ sYyvº?b²sTyz¢sTu`¢yprb@ªwvIy	nqwa¡`¢£b¡¤y7m3yzsTsTtz}{owv`
p~t#tzu`}a¡toobT¢>«²w£Mu`}rb#²nr^`t¤npr^`b¡a¡toobT¢Cpr^Ryp¤³yMnµu9nqb@¼«  bY9bYvRowv`3tzv¸¤g^`bTpr^`bY}pr^`b²v`toob
?bT¢tzvRMn±prt¡y ¶ t¤ tz}³v`tpgyvR&¤g^`bT}~bw£v&pr^`b ¶ t¤Ôp~^`bv`toobµwv5u`b@np~w£tMv&tM}¥v`toob@n³b»WbYs½p~w£vRew£py}~b
ÛÛ àABDCDB ò
      
nrw£pruRyprbY´§Mp~^`bµprtp{y¢WbTvRbT}~zm¡b­o?bTvRow£pruR}rbypgyv`toobou`bµprt¡yvRtpr^RbT}³v`toobµwv¨p~^`bv`bp¤³tz}~¦¡sTyvV9b
sYy¢xsu`¢xyp~bY	yzn³®¯tM¢£¢t¤n +
EN/M =   n>0(   M=NETack +   M 6=NERack )
+   m>0(   M=NETpck +   M 6=NERpck )
Õ 
¤g^RbT}~b
EN/M =
bYv`bT}~zm¨nr?bTv5pypgv`toob  ouRbµp~t²v`toobh¿§
ETack =
bYv`bT}~zm¨nr?bTv5pg®¯tz}p~}~yzvRnqa¡wxnrnrwtzv&tz®tMv`b
yMs{¦Fv`t¤g¢£b@ozbYa¡bTv5p¥RyMs{¦zbTpY§
ETpck =
bYv`bT}~zm¨nr?bTv5pg®¯tz}p~}~yzvRnqa¡wxnrnrwtzv&tz®tMv`b
Ryp~ycRyMs{¦zbTpY§
ERack =
bYv`bT}~zm¨nr?bTv5pg®¯tz}g}~bYsTbTop~w£tMvVtz®tzvRb
yMs{¦Fv`t¤g¢£b@ozbYa¡bTv5p¥RyMs{¦zbTpY§
ERpck =
bYv`bT}~zm¨nr?bTv5pg®¯tz}g}~bYsTbTop~w£tMvVtz®tzvRb
Ryp~ycRyMs{¦zbTp
  p =
{
1 p
wnp~}ruRbz§
0
tp~^`bT}~¤gwxnqbM«
wzuR}rb¡,+;¬O»WbYsptzv	v`toob  ou`bp~t²v`toobh w£v ¶ t¤ ®
  Y" VT

µnqwv`#p~^`b²a¡tF`bT¢±R}rb@nqbYvMp~bYIw£v©p~^`b²`}~bT°FwtzuRnnrbYsprwtzv´§y#v5uRa?bT}tz®nrw£aeu`¢xyprwtzv9n¤¥bY}rb²otMv`b²wv
 k5Écprt¨bT­o9bY}rwa¡bTv5p¤gw¹p~^ªbTvRbT}~zmVsTtzvRnru`a¡op~w£tMv3w£v3¤gw}rbY¢£b@nrnyz#^`tosv`bTp¤¥tM}r¦onY§`¤g^`bY}rbp~^`b ¶ t¤n
y»?b@s½p  7wvMp~bT}r®¯bT}~b¤gw¹p~^ºb@yzs{^3tp~^`bT}@«]^`bea¡yzw£vIywa ¤yzngprt&a¡b@yznru`}rbbTv`bY}rMmVypµpr^`bev`toobYnµwv3pr^`b
¶ t¤ÀyvRcnrbTb^`t¤¿p~^`bgbTv`bY}rMmstMvRnquRac`prwtzvwxnOy»WbYsprb@eFmwv5prbT}r®¯bT}~bTv9sb³®¯}rtMatp~^`bT} ¶ t¤nY§nrtµp~^Ryp
bT»?b@s½ptz®stz¢¢wnrw£tMvRnsYyv©9b&tzRnrbT}~°zb@¼«V]^`bVnqwau`¢xyp~w£tMv\nqbTpqp~w£v`5nyv9©}rb@nqu`¢£p~n¤gw£¢¢±?b&owxnrsTuRn~nqb@
vRb­FpY«
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 toobYn±^Ry7°zbgp~^`bµ`b®ÕyuR¢¹p¥pr}{yvRnra¡wn~nqwtzv²}{yvRzbgt®Mza yzvR²ycd³yz}r}~w£bY}±kFbTv9nqbµ}~yzv`zbgtz®zza#«]^`b
;]k Md³]k#tz`prwtzvªwxnp~u`}~v`bY3tz»¸wv3p~^`bch È d0¢y7mMbT}@«Cy}~w£tMuRnd¥tMvRnqp~yv5p*³w£pqÉ yp~b  d ³* ¶ t¤n
ypye`w£p³}{yp~bµtz®zz¦F`Rn³y}~bµsTtzvRnrwxobT}~bY¡®¯tM}³pr^`bnrw£aeu`¢yprwtzv²p~w£a¡bt®zzMn±b@yzs{^´«;]^`bnqw
Tbt®pr^`b
Ryp~ycRyMs{¦zbTp~n³wnnqbTpgypz«Í 6«
 :  !7>6C$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(';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0
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	 )	 "  Æ &Ç`YR Â Y
|OyMs{¦zbp¢bTv`zpr^ 7zeFm5prbYnY§
³w£p}~yprbMe¦F`Rn¯5ca¡n  79yzs{¦zbTp³tM}R« eRyzs{¦Mbp{n  nqb@s 
]tp{y¢WRyMs{¦zbpnqw
Tb¾nrw
Ybµtz® Õ`}rb@yae`¢£b¾| ';d¥|^RbYyz`bT}¾h È dÔ^RbYyz`bT}   | ^`bYyMobT}¾`yp~y 

(144 + 48 + 28× 8 + 20 × 8 + 1500× 8)
`w£p~n Ñob®Õyzu`¢£p°7yz¢£uRbYnY§`yznuRnrbYVw£v  k5É  ½«
È ¢¹p~^`tzuRz^´§Mpr^`b`}~bYyza`¢byv9²| 'd¥|^`bYyMobT}³y}~bp~}~yzvRnqa¡w£pqp~bY¨ypµYhª`Rn¥¤g^`w£¢bp~^`b}~bYnqp³yz}rbµnqbYvMp
ypzh3`RnY«O]^FuRnT§z¤¥bg^Ry7°MbTzM`w£p~nCnrbTv5pCyph3RRnT§M¤gw¹p~^²yp~}~yzvRnracwxn~nqwtzveprwa¡b®¯tz}±nrw£vRz¢b
9yzs{¦zbTp`«/5ea²nT«
·w£pr^
8 × 1548
`w¹p{nµnrbTv5pypeMh3`9nT§?pr^Rbpr}{yv9nqa¡wxnrnrw£tMv#prwa¡b®¯tz}y&nrwv`z¢bRyMs{¦zbpµwn 8×1548
11×106

M«£7a¡nY«
bTvRsTbpr^`bp~tp~yz¢¼pr}{yv9nqa¡wxnrnrw£tMv¨p~w£a¡b®¯tz}y¡nrw£vRz¢b9yzs{¦zbTp z«@z `«/5 M« !RYea¡n
(
	 )	 )  Æ & = Á R Â Y
|OyMs{¦zbp¢bTv`zpr^ YcFm5prb@nT§oRw¹p}{yp~bzz¦F`Rn
]tp{y¢¼RyMs{¦zbTpnrw
Ybnrw
Ybt®¯`}~bYyza`¢b | ';d¥| ^RbYyz`bT} È d6 
(144 + 48 + 14 × 8)
Rw¹p{n
kotR§Fpr}{yv9nqa¡wxnrnrw£tMv¨p~w£a¡b®¯tz}nrwv`z¢bRyzs{¦MbpR« !Mca¡n
(
	 )	 2 =  6Õ,6Õ`/& Æ % Æ-,Â % Â  Ã  Â % 
Rtz}epr^`b#nrw£aeu`¢yprwtzv´§;p~^`bVpm5RwsYy¢¥pr}{yvRnra¡wn~nqwtzv\yzvR\}~bYsTbTop~w£tMvÀst5npe®¯tz}&'´uRsTbTv5p¨kFw£¢°zbY}csYy}{\yzn
nr?bYsw2Rb@wv  !`§½¤³yMn¡uRnqb@¼«¾]^5u9nT§³pr}{yv9nqa¡wxnrnrw£tMv?t¤³bT}²uRnrbY ¤yzn3M« !¸a·§³yvRÔ}~bYsTbTop~w£tMv
?t¤³bT}¤³yMng`« 5aµ·«9]^FuRnY§Fpr^`b°yz}rwtzuRn³bYv`bT}~zm&sTtMnqpstza¡?tzv`bYv5p~n¤³bT}~b
ETpck = 1.3× 1.318× 10
−3 = 1.713mW
ERpck = 0.9× 1.318× 10
−3 = 1.186mW
ETack = 1.3× 304× 10
−6 = 0.395mW
ERack = 0.9× 304× 10
−6 = 0.274mW
]^FuRnY§5uRnqwv`p~^`bbTv`bY}rMmesTyz¢sTu`¢xyprwtzv²b 5uRyp~w£tMv ÕD §5pr^`bbTv`bY}rMm®¯tM}±p~^`b ¶ t¤yMn±nr^`t¤gv²9bY¢£t¤¤yzn
sYy¢xsu`¢xyp~bY&®¯tz}gb@yzs{^	v`toobw£v	pr^Rb ¶ t¤0nr^`t¤gv	9bY¢£t¤4+
0 // 1 // 2 // 3 // 4 // 5 // 6
ÛÛ àABDCDB ò
@      
Rtz}gv`toob +
E0/0 = ETpck = 1.713mW
E0/1 = ERack + ERpck = 1.46mW
E0/2 = ERack + ERpck = 1.46mW
E0 = 4.633mW
kFwa¡w£¢xy}~¢mz§WbTv`bY}rMmV¤yznµsTyz¢sTu`¢yprb@#®¯tz}µtpr^RbT}v`toobYnY«µ]^`b¡sTyz¢sTu`¢xyprb@#°y¢u`bYnµ¤¥bY}rbestza¡Ryz}rb@
¤gw£pr^Àpr^`b	bTvRbT}~zm¸b­o9bYvRow£pru`}~b	t®gpr^RbVv`toob@nc9bY}cnrbYsTtzvR /R}{np@§Opr^`b	}~bYnru`¢¹p{neyz9t°Mb¨^Ry7°Mb²prt¸9b
aeu`¢£prw`¢£wbY#FmVz`« e®¯tz}gp~^`bvFu`a?bT}tz®9yzs{¦zbTp~n³?bTwv`¨zbYv`bT}{yp~bY&5m&pr^`b ¶ t¤ ?bT}nrbYsTtzvR=½«±]^`b
`w¹»WbT}~bTvRsTbwv¡pr^`bgp¤³tbTvRbT}~zm¢bT°MbT¢xnC5y7°zb³pr^`bb­`sb@nrnObYv`bT}~zme¢£t5np³ou`bgp~tRyzs{¦Mbp±sTtz¢¢£wxnqwtzv9nOou`}~w£v`
p~^`b²nqwauR¢yprwtzv´«&fpr^RbT}a¡tz}~b¡sTtza¡`¢b­ºn~sbYvRy}~w£t5n¤¥bY}rbepr^`bYv¸prbYnqprb@¼«²]^`bR}{nptzvRb¡sTtzvRnrwxnp{nµtz®
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wzu`}~b+±kFwauR¢yprwtzv	v`bp¤³tz}~¦²¤gw¹p~^ ! ¶ t¤nT«
p~^`}~bTb ¶ t¤nY§`bYyMs{^ ¶ t¤ stMvRnqwxnqprwv`¡t®±ev`toobYnÑnqbYbwzuR}rbD §Ryv9&p~^`bnrbYsTtzvRVtzv`bsTtzvRnrwnqp~ntz®
¶ t¤n¥wv3ycv`bp¤³tz}~¦¨¤gw£pr^ªMv`toob@ngs}~bYyprbYV}{yvRotMa¡¢£m²wv#}~yzvRotza ¢£tosTyprwtzvRn ÑnqbYbwzuR}rbD
Ù¯ÚÛ´ÙÝÜ
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wzu`}~b! +&kFwau`¢xyp~w£tMv\v`bp¤³tz}~¦©¤gw¹p~^ ! ¶ t¤nT§;a¡wx`o¢bVwvÀtM`9t5nqw£prb	ow}rb@s½prwtzv!«  bTwz^F?tz}{nyv9
wv5prbY}q®¯bY}rwv`cv`toobYnyz}rbyzngnr^`t¤gv	w£v RMu`}~bo«
ÛÛ àABDCDB ò
7      
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  v#p~^`benrwacR¢£bsYyznrbt®Cy¨nrwv`z¢b ¶ t¤§Rpr^`btMobYsprw°zb¤yzngprt3Rv9#pr^`bcstM}r}~bYsprv`b@nrntz®p~^`b®¯tM}raeu`¢xy
sYy¢xsu`¢xyp~bY¡y?t°zbÑ ½«CkFwvRsTbgpr^`bY}rb¤³yMn;v`twvMp~bT}r®¯bT}~bTvRsTbgw£vF°Mtz¢°zbY´§w¹p¥¤³yMnOb­o?bYs½p~bYcp~^RypCp~^`bnrw£acÉ
uR¢yprbY	yv9	sYy¢xsu`¢xyp~bY&°7yz¢£uRbYnnr^`tzuR¢Va²yp~s{^!«   p¤yzn³®¯tMu`vR&pr^Rypgpr^`bsYy¢xsu`¢xyp~bY	yvR	nrw£aeu`¢yprb@
bYv`bT}~zm²¢bT°MbT¢xn¤¥bY}rbbT­oyMs½p~¢£m¡p~^`bnryza¡bz§o`}~t°Fw£v`epr^Rbstz}~}~bYs½p~v`bYn~n³t®pr^`b®¯tM}raeu`¢yR«
  P!<	"B A *%)
Rtz}pr^`bsYyznrb¤gw£pr^I`v`toobYnyvR ! ¶ t¤nT§Rp¤¥t¨sYyznrbYn¤¥bY}rbsTtzvRnrw`bT}~bY¼§9tzv`b¤g^RbT}~by¢¢´p~^`b ¶ t¤n
yz}rb³wvep~^`bn~ya¡bgow}rb@s½prwtzvÕwzu`}~bD;yzvRtMv`bg¤g^`bY}rb ¶ t¤0³wxnOwvcpr^`bgtM`9t5nqw£prbgow}~bYs½p~w£tMv Ñw£Mu`}rb
! ½«C]^`b}~bYnru`¢£ptz®p~^`bnrw£aeu`¢yprwtzv	wngyMngnq^Rt¤gvVwv3wzuR}rb`«
R}rtMa p~^`bº}~bYnru`¢£p~nY§pr^`bY}rbªwxn&y\¢yz}rMbT}¨ow£»?bY}rbYvRsbºw£vp~^`bºsYy¢xsu`¢xyp~bYyv9nqwau`¢xyp~bYÔbYv`bT}~zm
sTtzvRnru`a¡op~w£tMv3w£vºpr^`bcnqtMu`}~sTbv`toob@n8Õu`3prt	y?tzuop!za·  nrbYs ½§?nq^`t¤gwv`²p~^Rypµpr^`b@nqbev`toobYnµ^Ry7°Mb
p~t&p~}~yzvRnracw£pyvRº}rb@sbTw°zbea¡tz}~bz§¼a¡tMnqpR}rtMRy`¢m3ou`beprt3stM¢£¢wxnqwtzvRnY«]^`wxnsTyvI9b¡bT­FR¢yzw£v`b@¼§?®¯tz}
bT­`ya¡`¢bz§F®¯tz} ¶ t¤ z§Fv`toob@ngcyzvR !csYyv&pr}{yvRnra¡w¹pypp~^`bnryza¡bp~w£a¡bz§9nqwvRsbp~^`bTm&yz}rbv`tzpwv	pr^`b
sYy}~}rwbT};nrbTvRnrb}rbYzwtzvtz®9b@yzs{^ctpr^RbT}@§`uop !yzsp~nOyMny^`wx`obYv¡v`toobprtv`toobg`§MsTyu9nqwv`stM¢£¢wnrwtzvRn;yp
vRtF`bcM«O]^`wnwxn°zbY}rw2Rb@¨Fm3RMu`}rbF§`¤g^Rws{^#nq^Rt¤nCp~^`bvFu`a?bT}t®Ryzs{¦Mbp{n³`bYnqprwv`bY  7®¯tz}~¤³yz}~`bY
p~t¡pr^`bvRtF`bYnp~^Ryp¤³bT}~b¢£t5np`u`bprt¨sTtz¢¢£wxnqwtzv9ngyvR#y¢xnrtep~^`bvFu`ae9bY}t®;}rbTpr}{yvRnra¡wn~nrw£tMvRn³5m&pr^`b
vRtF`bYnY«   pwxnnqbYbTvVpr^Ryp®¯tz}pr^Rb9}~nqp ¶ t¤§o¢£tzp~n³t®Ryzs{¦Mbp{n±®¯tM}r¤y}{ob@¡prt¡v`toob¡®¯}rtMa v`toob¡y}~b
¢tMnqp±ou`bprtstM¢£¢wxnqwtzvRnY§}~b5u`w}rwv`v`toobp~t}~bpr}{yv9nqa¡w£pOpr^`bYa	«CkFwvRsTbpr}{yvRnra¡wn~nqwtzv¡}~b5u`w}rb@n;a¡tz}~b
bYv`bT}~zm&pr^Ryzv3}rb@sbYoprwtzv´§9v`toob¨nr^`t¤nga¡tM}rbbYv`bT}~zm	stzv9nqu`a¡op~w£tMvªou`bprt¨}~bp~}~yzvRnqa¡wxnrnrwtzvVpr^Ryzv
vRtF`bc`u`bprt¡}~bYsbYoprwtzv	t®pr^Rb}rbTpr}{yvRnra¡w¹prprbYVRyMs{¦zbp{nT«CkFwa¡w£¢xy}g?bT^9y7°5wtzuR}gwngnrbTbYv	wv#v`toobYntz®
tzpr^`bY} ¶ t¤nY§sTyzuRnrbca¡tM}rb¡bTvRbT}~zmª¢tMn~nypv`toob@npr^9yp}~bpr}{yv9nqa¡w£pyzvR©nqtMa¡bcbYv`bT}~zmº¢£t5nrnwv©pr^`b
sTtz¢¢£wxowv`cv`toobYngouRbprt¡}rb@sbYoprwtzv	t®pr^`b}~bp~}~yzvRnqa¡w£pqp~bY¨9yzs{¦zbTp~nY«;|C¢£b@yznrbnqbYbnrbYsprwtzv#®¯tM}ga¡tz}~b
`wn~suRn~nrw£tMv&t®pr^RbYnrb}rb@nqu`¢£p~ntMv	sTtz¢¢£wxnrw£tMv´«
]^`b³}~bYnru`¢¹p{n!nr^`t¤©pr^9ypOnqtMu`}~sTbCv`toob@n!bT­F?bT}~wbTvRsTb¥y?tzu`p !`wvRsT}rb@yznrbCw£vebTv`bY}rMmsTtzvRnru`a¡op~w£tMv
`u`bprtVstz¢¢wnrw£tMvRnY«   pwnµy¢xnqt²vRtprwxsb@	pr^Rypnrtza¡bv`toobeyzs½p~uRy¢¢m	sTtzvRnru`a¡b¢£b@nrnbTv`bY}rMm¨p~^Ryv3p~^Ryp
sYy¢xsu`¢xyp~bY¼«]^Rwnwxnou`beprt	pr^`be®Õyzsppr^RypY§¼¤g^`bYv¸otMw£vR&p~^`bcsYy¢xsu`¢xyp~w£tMv´§¼¤³bcyMnrnru`a¡bp~^RypbYyMs{^
¶ t¤ wxnstMvMp~w£vFu`tMuRnY§`s}~bYyp~w£vR  @®¯tM}r¤y}{owv`y¡v`bY¤09yzs{¦zbTp®¯tz}gbYyMs{^V9yzs{¦zbTpgw£v5prbY}r°yz¢!ypb@yzs{^	v`toobz§
sYyuRnrwv`bTvRbT}~zmstMvRnquRac`prwtzvypv`toob@nwvp~^`b ¶ t¤\yvRvRbYy}~Fmz«t¤³bT°zbY}Y§7ou`b±prt°y}~w£tMuRn¼®ÕyMs½prtM}~n
¢w¦zbRyMs{¦ztz»Iou`bp~t²pr^Rba¡bYowu`a-?bTwv`¨`uRnrmz§?RyMs{¦zbp{ng?bTwv`¨¢tMnqpµyvR#vRbTbY`w£v`&}rbTpr}{yvRnra¡wn~nqwtzv9n
`u`bgprtsTtz¢¢£wxnrw£tMvRnT§MyvR²obY¢y7m9bT®¯tz}~byvR È d60wnC}rb@sbTw°zb@¡ou`bprtpr^`bR}rbY°5wtzu9n;}rb@yznrtzvRnY§pr^Rb ¶ t¤
wxnCvRtp³yMs½p~uRy¢¢£m¡stMv5prwv5uRtzuRnY«]^Rb RvRyz¢RbYv`bT}~zmca¡bYyznru`}~bY¼§M¤g^`wxs{^¨wn±pr^Rbµy7°zbY}~yzzbbTvRbT}~zmenr?bTv5p¥Fm
vRtF`bYnµbYyzs{^ªnrbYsTtzvR´§?sYyvª?b¢t¤¥bY}w£®±y¨v`toobewnµv`tzpyR¢£bprt¨p~}~yzvRnracw£pnrtza¡b9yzs{¦zbTp~nµou`}~w£v`&pr^`b
nrwau`¢xyp~w£tMv&p~w£a¡bou`bp~t¡¢£tMv`²obT¢xy7monT«
·^`bYv&p~^`b ¶ t¤wv¨pr^Rbµa¡wx`o¢bwxn³w£v&pr^`btM`9t5nqw£prbow}rb@s½prwtzv!¯v`tzprbµpr^RypY§`yz¢¹p~^`tzu`M^²pr^Rb ¶ t¤wn
nqprw¢¢´®¯}~tza vRtF`bcprt¨vRtF`b`§`p~^`b?tMnrw¹p~w£tMv3t®pr^`b@nqbv`toobYnµy}~bwv5prbY}~s{^Ryzv`zb@B½§`pr^`b`w¹»WbT}~bTvRsTbwv
bYv`bT}~zm¡wxn³z}~bYyp~bT}@§zu`Vprtc5&«   v&pr^`ba¡wRo¢£b ¶ t¤§5p~^`bb»WbYs½pt®stz¢¢wnrw£tMvRn³yvR&}rbTpr}{yvRnra¡wn~nqwtzv9n
wxn¥a¡y­ow£aeu`a ®¯tz}¥pr^`bbYvR¨v`toob@n*Õv`toobR§`o§o  §F¤g^`w£¢bw¹pwn³a¡tz}~b®¯tM}±p~^`bnqtMu`}{sbv`toobyv9¨tp~^`bT}
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¶ t¤nµ¨yzvR !²bT»?b@s½ppr^`bcv`toobeR§¼o§¼¡pr^RbeM}rb@yprb@np@« È nµa¡bTv5prwtzvRbYªyz9t°Mbz§?v`toob!Vnp~w£¢¢sYyuRnrbYn
sTtz¢¢£wxnrw£tMvRnw£v©v`toob#¡w£v ¶ t¤ z§!Ruopou`bcprtªsTtz¢¢£wxnrw£tMvRnw£v¸pr^Rb ¶ t¤n !	yzvRIR§¼p~^`b¨nqtMu`}{sbcv`toobYn
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p~^Rypwv5prbY}qÉ ¶ t¤ sTtz¢¢£wxnqwtzv9n³sYyv#sTyzuRnqby¡nrw£Mv`w ?sTyv5pya¡tMu`v5ptz®bYv`bT}~zm¨sTtzvRnru`a¡op~w£tMv´«
·^`bYvªbT°yz¢£uRyprwv` ¶ t¤nµypp~^`bn~ya¡b}{yprbyzvR#¤g^`bYvºy¢¢¼pr^Rb ¶ t¤nyz}rbnqp~yz}qp~bY3yppr^`bcnryza¡b
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stzv9nqwxobT}~bY#+
 k    wnsu`aeu`¢yprw°zbM§ov`tw¹prprbT}9bTp¤¥bYbTvVpr^`b ¶ t¤nY§
 k    wnsu`aeu`¢yprw°zbM§7w¹prprbT}`}rb@nqbYv5p?bp¤³bTbYv&p~^`b ¶ t¤nY§
 k    wnv`tzvoÉ suRau`¢xyp~w£°Mbz§Fv`tw¹prprbY}9bTp¤¥bYbTv	pr^Rb ¶ t¤nT§
 k    wnv`tzvoÉ suRau`¢xyp~w£°Mbz§@w¹prprbY}`}~bYnrbTv5pg9bTp¤¥bYbTvVpr^`b ¶ t¤nY«
³m¿ob®Õyzu`¢£pY§  kFÉ #u9nqb@ney3vRtzvoÉ su`aeu`¢xyprw°zb	k    a¡toobT¢>§O¤g^`bT}~b²p~^`b&v`tMwnrb²®¯}~tza pr^Rb&¢tzv`MbYnqp
nrwzvRyz¢³wxn¡p{y¦zbYvÀp~t¿sTy¢xsuR¢yprb	pr^`bºk    ®¯tM}²bYyzs{^ }~bYsbYoprwtzv!«Ô]^Rwn¡a¡toobT¢µotFbYn¡v`tzp²yMsTsTu`}~yprbY¢£m
}~bTR}rb@nqbYvMp{n¥pr^`b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tz®g}rb@sbT`prwtzv©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p~^Ryp¡stzuR¢©?b¨^`b@y}{¿ypp~^`b¨v`toobV}rb@sbTw°Fw£vRªy#Ryzs{¦MbpY§;yv9
}~bYsTbTop~w£tMvVwxngnruRsTsTbYn~n®¯u`¢¼tMv`¢m¨w¹®;p~^`bv`bT¤¾k    wnM}rb@yp~bT}³pr^Ryzv	pr^`bsYy}~}rwbT}nqbYvRnrbµp~^`}~bYnr^`tz¢x¼«
]^`b&}rb@nqu`¢£p~nt®³pr^`b&nrwau`¢xyp~w£tMvRn®¯tz}pr^`b¨bYv`bT}~zm¸stMvRnquRac`prwtzv©}~yprb²tz®nrtza¡b²v`toob@nT§;ya¡tzvR
zzµ}~yzvRotMac¢m`¢xyzsTbYev`toobYnY§zyz}rbgnr^`t¤gvewv²w£Mu`}rb@n±8¯¤gw£pr^`tMuop´w£pqprbY}±yv9¤gw£pr^¡v`tMvoÉ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k    hªtF`bT¢ yvR¸ ¯¤gw£pr^#w£pqprbY}yv9IsTu`au`¢xyp~w£°Mb¨k    h3toobT¢ ½«¨Rtz}bYyMs{^IvRtF`bcR}rb@nqbYvMp~bY¼§!pr^`b
sYy¢xsu`¢xyp~bY!¯¢b®Ýp gyvR	nrw£aeu`¢yprb@ Õ}rwz^5p ³bYv`bT}~zm²°yz¢£u`b@ngy}~b`}rb@nqbYv5prbY´«
Rtz}epr^`wxnvRbp¤³tz}~¦Iyv9 ¶ t¤ nqbTpqp~w£v`5nT§;p~^`b&}~bYnru`¢£p~ne¤¥bY}rbVnqwa¡w£¢xy}prtªp~^Rypct®gp~^`b¨p~^`}rbYb ¶ t¤n
sYyznrbYn+Opr^RbnqtMu`}{sbv`toob@nnq^Rt¤npr^`bact5npbYv`bT}~zmV¢£t5nrnY«   v#pr^`b`b®ÕyuR¢¹pµsYyznrbz§`¤gw£pr^3vRtw¹prprbY}µyv9
k   v`tzv`É sTu`au`¢xyp~w£°Mbz§WstM¢£¢wnrwtzvRna¡y7m	wvRs}~bYyMnqb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